Abstract: Good oncologic outcomes, demonstrated by a complete pathologic response after preoperative chemoradiotherapy (PCRT), have led to local excision (LE) in selected patients with rectal cancer. We evaluated the oncologic safety of LE compared with total mesorectal excision (TME) in patients with ypT0-T1 rectal cancer.
INTRODUCTION
T otal mesorectal excision (TME) has improved oncologic outcomes. 1 The addition of preoperative chemoradiotherapy (PCRT) to TME effectively improves local tumor control, and is the standard treatment in advanced rectal cancer. [2] [3] [4] However, TME entails significant complications such as perioperative morbidity associated with major surgery, anastomotic leakage, sexual and urinary dysfunction, and defecatory dysfunction. [5] [6] [7] Furthermore, abdominoperineal resection (APR) involves a permanent stoma and low anterior resection (LAR) also often involves a temporary stoma. Surgical decisionmaking strategies require careful consideration of the patient's quality of life, constitutional risk factors for major surgery, and oncologic outcomes. Alternative approaches to preserve anorectal function have resulted in increased interest in local excision (LE).
The indication and oncologic safety of LE following PCRT in advanced rectal cancer has been the subject of much debate due to concerns about inadequate treatment. Following PCRT in advanced rectal cancer, LE may theoretically result in good oncologic outcomes particularly in patients demonstrating a complete pathologic response (CR). 8, 9 Several authors have reported the feasibility of performing LE following PCRT, with the majority focusing on clinical T2-3 rectal cancer or pathologic CR. [10] [11] [12] [13] [14] [15] [16] [17] The oncologic safety of pathologic early T status after PCRT with regard to LE has not yet been established. Data on the long-term outcomes of pathologic results and type of surgical treatment in patients with advanced rectal cancer treated with LE or TME after PCRT are required.
The aim of this study was to evaluate the oncologic outcomes of early ypT stage (ypT0-T1) in patients with mid to low rectal cancer after PCRT via a comparison of LE and TME.
MATERIALS AND METHODS

Patients
A total of 304 patients who underwent LE or TME between January 2006 and December 2011 were included. Eligibility criteria included patients diagnosed as ypT0-T1 on pathologic examination, completion of PCRT and surgery, location of rectal lesions in the middle to distal rectum within 10 cm from the anal verge, no distant metastasis, and no concurrent malignancy. Prior to PCRT, all patients underwent colonoscopy with biopsy.
Primary tumor and nodal staging were evaluated by rectal magnetic resonance imaging (MRI) and transrectal ultrasound (TRUS). Chest, abdominopelvic computed tomography (CT) and positron emission tomography-CT were used to identify distant metastasis.
PCRT and Surgery
All patients received PCRT according to preoperative sequential treatment protocols. Local irradiation (44-45 Gy) was delivered to the entire pelvis at a fraction dose of 180 to 200 cGy/d administered 5 d/wk, with a total of 22 to 25 fractions. This was selectively followed by a 5.4 to 6.0 Gy boost to the primary tumor (3 fractions over 3 days) and total dose to primary tumor was 50 to 50.4 Gy. The concurrent chemotherapeutic regimen was oral capecitabine (825 mg/m 2 ) administered twice daily during radiotherapy or 2 cycles of 5-fluorouracil (5-FU, 375 mg/m 2 per d) bolus with leucovorin (20 mg/m 2 per d) for 3 days during the 1st and 5th week of radiotherapy. Rectal MRI and TRUS were repeatedly performed for restaging of the main lesion after PCRT. In patients with the size of the tumor to be almost disappeared on these imaging tools and digital rectal examination, sigmoidoscopy was performed to evaluate the state of the mucosal lesion. Between 6 and 8 weeks following completion of PCRT, all patients underwent surgery. The remaining main lesion and scar tissue were excised with at least a 1 cm margin and full depth of the rectal wall. The surgical procedures that were performed included transanal excision (TAE), transanal minimally invasive surgery (TAMIS), APR, and LAR. The patients in cases of a good clinical response (complete regression [CR] or near CR) after PCRT determine method of operation (LE vs TME) under sufficient information about the advantages and disadvantages of each approach. The reasons why patients chose LE included the refusal of APR, personal preference for less invasive surgery because of their medical comorbidity and fear of radical surgery.
Clinicopathologic Factors
Evaluation of the tumor response to chemoradiation therapy in the excised specimen was performed using the tumor regression grading system by Dworak et al. 18 Tumors were staged pathologically according to previously published guidelines. 19 All patients underwent a standardized postoperative follow-up every 3 to 6 months for the first 2 years, every 6 months for the following 5 years, and annually thereafter. At each follow-up, laboratory tests were performed including analysis of CEA levels and an abdominopelvic CT scan was obtained. Chest X-ray or chest CT was performed alternately every 6 months. Colonoscopy was performed within 1 year after surgery, and then once every 2 to 3 years. In patients who underwent LE, an additional sigmoidoscopy was performed every 6 months for 2 years and then yearly for up to 5 years. Data were extracted from a prospectively maintained rectal 
Statistical Analysis
Propensity scores were generated using the R package ''Match It'' (The Comprehensive R Archive Network: http:// cran.r-project.org). To improved balance on covariates, we excluded units outside the area of common support. More detail is shown in Figure 1 . Group comparisons for before and after matching were performed using the chi-squared test or Fisher exact test for categorical variable and Student t test for continuous variable (Table 1) .
Kaplan-Meier survival analysis was used to determine the 5-year overall survival (OS) and disease-free survival (DFS), and differences between the subgroups were compared using the log-rank test. Multivariate Cox proportional hazards regression analysis of the recurrence was performed when the P value was <0.1 in univariate analysis by adjusting the confounder: age, gender, distance from anal verge, or tumor grade.
A P value <0.05 was considered statistically significant. Statistical analyses were conducted using R version 3. 
RESULTS
Patient Population and Tumor Characteristics
Identification of ypT0-T1 rectal adenocarcinoma was confirmed in 304 patients treated with TME or LE. TME surgery was performed in 261 patients (86%) using open approach in 229, laparoscopic in 20, and robotic in 9 patients (LAR, 199 [76.2%]; APR, 62 [23.8%]), and LE was performed in 43 patients (14%) (TAE, 38, TAMIS, 5). The mean age was 58.8 years (range, 26-82 years). Of the patients, 173 were male (57%). Clinical stage of T2 disease was observed in 59 (19%) patients, cT3 in 219 (72%) patients, and cT4 in 26 patients (9%). The median distance of the tumor from the anal verge was 4.1 cm (range, 0-10 cm). Lymph node metastasis was detected in 23 patients (8.8%) of TME group, 7.3% (13 in 176 patients) in ypT0, 4.8% (1 in 21 patients) in ypTis, and 14.1% (9 in 64 patients) in ypT1.
After propensity score matching, 84 patients (LE, 42; TME, 42) were selected for analysis (Figure 1 ). Median follow-up time for the matched ypT0-1 cohort was 56 months (interquartile range [IQR], 43-98 months) and was not different between the LE and TME groups (P ¼ 0.287). The median age was 60 years (IQR, 52-66 years). The baseline characteristics according to the surgical procedures of the patients and the propensity matched groups are depicted in Table 1 . Significant differences were found in the distance from anal verge, clinical T classification, clinical N classification, and diameter of residual mucosal abnormality between the LE and TME groups before propensity matching. After matching on the propensity score, no significant difference was observed between the LE and TME groups. The rates of lymph node metastasis in matched TME group were 7.1%. Significant differences were found for the postoperative management between LE and TME, number of patients receiving transfusion, duration of hospital stay, and adjuvant chemotherapy in Table 2 .
Recurrence and Survival
In the matched LE group, 1 case of local relapse was observed and APR was performed. The other patient presented local relapse and underwent LAR, but developed a liver metastasis. In the TME group, 1 case of local relapse and 2 cases of systemic relapses were observed. There was no significant difference between the LE and TME groups in terms of locoregional relapse (4.8% and 2.4%, respectively; P ¼ 1.0), in systemic relapse (0% and 4.8%, respectively; P ¼ 0.494), in the 5-year DFS (95.2% vs 91.63%, respectively; P ¼ 0.646), and in the 5-year OS (96.6% vs 88.0%; P ¼ 0.238) (Figure 2A and B). In the matched cohort, no significant difference between the ypT0 and ypTis-T1 groups was found in the 5-year DFS (95.5% vs 89.6%, respectively; P ¼ 0.269) and the 5-year OS (89.2% vs 94.4%; P ¼ 0.792) (Figure 2C and D) .
In ypT0-T1 patients, 23 were diagnosed with locoregional or systemic relapse (Supplementary Table 1 , http://links.lww.-com/MD/A985). Univariate analysis for the identification of predictors of local and systemic relapse in ypT0-T1 patients revealed 2 factors that were associated with locoregional and systemic relapse ( 
DISCUSSION
Current improvements in oncologic outcomes of patients with advanced rectal cancer who achieved a good response after PCRT have increased the appeal of LE as a less aggressive alternative treatment. LE has been shown to lead to comparable outcomes to those of TME in selected cases. 11, 17 Considering the inability of lymph node dissection and concern of the high local recurrence rates, treatment of advanced rectal cancer with LE is rather controversial. Therefore, it is essential to select patients who represent ideal candidates with a minimal risk of local and systemic relapse for LE treatment.
In the present study, patients with ypT0-T1 rectal tumors had an excellent prognosis. The type of surgery did not appear to determine prognosis in ypT0-T1 patients. Propensity score analysis demonstrated a similar 5-year OS and 5-year DFS rate following LE or TME in patients diagnosed with ypT0-T1 after PCRT. In the LE group, local recurrence was observed only in patients with the ypT1 stage. However, in the propensity analysis, there was no significant difference in local recurrence between LE and TME in patients with ypT1. Moreover, between ypT0 and ypTis-T1, DFS and OS did not differ significantly in all matched patients with ypT0-T1.
As regional lymph node dissections are not performed using LE, the probability of lymph node metastasis is an important consideration in decision making for LE. As tumor regression after PCRT in primary tumors is usually accompanied by tumor regression in mesorectal metastatic lymph nodes; many authors have reported a lower rate of lymph node metastasis in good responders of primary tumor after PCRT. 16, [20] [21] [22] [23] [24] Borschitz et al 13 suggested that LE in good responders to PCRT have relatively low rates of nodal metastasis and local recurrence. The correlation between the risk of lymph node metastasis and ypT status was also previously demonstrated. [25] [26] [27] In the present study, the rate of lymph node metastasis in the TME group in the matched cohort was also found to be low, and which made us assume that the rate in the LE group may be lower or at least similar than that of the TME group due to the strict evaluation of lymph node metastasis prior FIGURE 2. Kaplan-Meier curve according to surgical methods for matched groups (LE, n ¼ 42; TME, n ¼ 42): (A) disease-free survival and (B) overall survival. And survival curve for ypT0 (n ¼ 53) and ypTis-ypT1 (n ¼ 31) groups: (C) disease-free survival and (D) overall survival. LE ¼ local excision, TME ¼ total mesorectal excision.
to surgery. The GRCCA 2 study which randomized good clinical responders (residual tumor <2 cm) after PCRT between LE and TME shows extremely low rates of LN metastasis in ypT0-1 (0%) compared with ypT2-3 (15%). 28 There is considerable debate over whether or not LE should be performed following PCRT in advanced rectal cancer patients. Previous studies that investigated the feasibility of LE primarily focused on clinical T2-3 rectal cancer, and favorable outcomes were mainly demonstrated for selected cases, especially for those downstaged to ypT0. [10] [11] [12] [13] [14] These studies could not reflect the regression response after PCRT which was the important prognostic factor. A recent randomized trial in patients with clinical T2 rectal cancer, especially in patients with a tumor diameter no >3 cm and a histologic grade of G1-2, showed an equivalent DFS for TME and LE. 17 In this study, local and systemic relapse occurred only in low or nonresponders to PCRT, and suggested that the degree of response to PCRT might be used as a factor in decision making to perform LE. Their results demonstrated the outcomes of patients who had undergone LE were similar to those of TME, and that LE can be clinically indicated in certain cases. However, it is difficult to be generalized from this study, because the indication for LE did not consider the responses to PCRT and did not include patients with locally advanced (clinical stage II-III) rectal cancer.
Because of the good prognosis of patients with a good bowel wall response (ypT0-T1) to PCRT with TME, organpreserving approaches must be compared with radical resection in terms of oncologic safety. This study demonstrated excellent oncologic outcomes after LE compared with that of TME in these patients. In addition, there were no significant differences in DFS between patients with ypT0 disease and those with ypTis-T1 disease in LE group. This demonstrated that complete resection of primary tumor sites plays a potential curative role even in patients with a residual tumor on the rectal wall after PCRT. Unfortunately, there remain many difficulties in predicting the remission grade prior to surgery. The sensitivity and specificity of MRI restaging is not reliable. 29 As a result, we occasionally observed residual tumors that did not correlate with clinical CR. If this discrepancy is observed following LE, an immediate decision should be made regarding the feasibility of subsequent TME surgery. The good oncologic outcomes of LE in patients with ypTis-T1 in our study may reduce concerns about the need for subsequent TME surgery in these patients with a residual tumor on the rectal wall after PCRT. In a previous study comparing LE with TME, only patients with ypT2 were found to develop local recurrence. 30 Considering the possibility of lymph node metastasis and poor outcomes after LE, 31 we believe that LE of ypT2 tumors with curative intent has a negligible role, and that immediate salvage surgery, such as LAR or APR should be performed if a residual tumor within the bowel wall up to ypT2 is confirmed after LE. Therefore, we did not compare oncologic outcomes in ypT2 patients.
In the multivariate analysis, the risk factors for recurrence in the ypT0-T1 cohort were the pathologic tumor grade and distance from the anal verge. The presence of a metastatic lymph node is an important prognostic factor for recurrence, 9 but we did not find a statistically significant association between a metastatic lymph node and recurrence in TME group of this study. This demonstrates that TME after PCRT has a potential curative role in good responders to PCRT, even among patients with proven metastatic lymph nodes. Hence LE could be performed with a low risk of recurrence when major remission, including a low probability of lymph node metastasis, is anticipated on re-staging despite of a final pathologic result of ypTis-T1.
There were several limitations in this study. First, this study is a retrospective study; in order to prove our hypothesis, it is extremely difficult and ethically questionable to perform a randomized trial. Second, it is difficult to compare the standard treatment, TME, to the alternative treatment, LE, without bias. Although we attempted to reduce selection bias by using propensity score matching, it was not possible to completely eliminate subjective judgments affecting the determination of the therapeutic method. Despite similar pathologic statuses, adjuvant chemotherapy was conducted more frequently in the TME group. Nevertheless, there was no difference in survival between groups. Third, as this was a single institution and small size study, the findings are rather difficult to generalize. Because LE combined with PCRT should be cautiously applied in selected patients, our study participant was small. Large, multicenter studies are required to overcome this problem. Finally, the exclusion of patients in the propensity scorematched analysis resulted in a loss of statistical power.
CONCLUSIONS
Comparable oncologic results to those obtained after TME was achieved by LE in patients with ypT0-T1 advanced rectal cancer after PCRT. This result demonstrates that the LE could be an optional treatment for the patients achieved clinical good response after PCRT and immediate salvage TME should be considered in cases of ypT2-3. A larger sample sized study and randomized trial will be necessary to verify this promising result.
